Antimonselite from the new occurrence, Příbram uranium-base metal ore district (Central Bohemia, Czech Republic), has been studied by means of electron microprobe and X-ray diffraction. Antimonselite crystals, reaching up to 1.5 mm across, were rarely found in the calcite gangue with uraninite in association with clausthalite, tiemannite, hakite, tetrahedrite, Se-rich chalcopyrite, permingeatite, Se-rich and Se-analogue of chalcostibite and dzharkenite. Based on electron-microprobe analyses, the empirical formula of the studied antimonselite (mean of 7 point analyses, recalculated to 5 apfu) is (Sb 2.06 Cu 0.01 ) Σ2.07 (Se 2.47 S 0.46 ) ∑2.93 . The studied S-rich antimonselite is orthorhombic, the space group Pnma, with a = 11.7156(3), b = 3.9514(11), c = 11.5645(3) Å, V = 535.36(15) Å 3 , and Z = 4. The structure was refined from the single-crystal X-ray data to R 1 = 0.0143 for 634 reflections [with I obs > 3σ(I)]. The structure of S-rich antimonselite is isotypic to that of stibnite. Sulfur was found to be entering the selenium sites regularly without any evidence of preferential ordering of the atoms at the different sites.
Occurrence and sample description
The uranium and base-metal ore-district Příbram (Central Bohemia, Czech Republic) is located at an exocontact of the Central Bohemian Plutonic Complex with the Teplá-Barrandian Unit (Tvrdý 2003) . Uranium mineralization occurs in a zone that is about 25 km long and up to 2 km wide and is concentrated in several separated ore deposits (Ettler et al. 2010) . Selenium mineralization in the Příbram area was first mentioned by Růžička (1986) and later was studied by Litochleb et al. (2004) , who described several selenide minerals from a historical specimen found during 1950's. Larger number of samples containing selenide mineralization (e.g. clausthalite, hakite, permingeatite, eskebornite) was recently found in the dump material from the shafts no. 11A Bytíz and no. 16 Háje (Škácha and Sejkora 2007; Škácha et al. 2009 , 2014 . The origin of selenide mineralization within the carbonate veins follows the crystallization of uraninite, while the redox potential of hydrothermal fluids is lowered and fugacity of Se increases (Dymkov 1985) .
Recently studied specimens containing antimonselite come from a dump material of the former uranium mine
Introduction
Antimonselite, ideally, Sb 2 Se 3 , is a rare Se-analogue of stibnite, Sb 2 S 3 , which has been described only from the several localities in China up to date. The mineral is known from localities Laerma (Wen et al. 2006) and Qiongmo (Liu et al. 1998) , which are genetically related to Au-Se deposits. Other occurrences of antimonselite in the same country were found at uranium deposits: Baimadong (Chen et al. 1993) , Sanqilinyi and Sanbaqi (Min and Wu 1992) and Bentou (Min et al. 1995) .
Here, we describe the first occurrence of antimonselite in the Czech Republic. It was found in the association of other selenides and sulfides in the uranium-bearing veins of the Příbram uranium-base metal ore district (Růžička 1986) . Two small fragments of calcite vein, containing the later analyzed antimonselite, were collected by one of the authors (PS) at the dump of the former uranium mine No. 16 (the Příbram-Háje deposit). In the current paper we present the new crystal structure data for the sulfurrich variety of antimonselite.
No. 16. This shaft is localized in the ore deposit Háje, but it was also used as a central shaft for mining of other nearby deposits (Bytíz, Jerusalém). We suppose that the majority of Se-bearing material came from the ore deposit Bytíz, which provided 52 % of the uranium netproduction of the whole Příbram uranium and base-metal district. The shaft No. 16 opened mainly the middle and the deeper parts of the vein system (from 500 m down to the depth of 1800 m under the surface). The deposit was discovered in 1947 and the underground mining of uranium in the Příbram area proceeded from 1948 to 1991 (Ettler et al. 2010) .
Antimonselite was found in two samples of carbonate vein containing uraninite with partially different association. On the first specimen (labelled "A"), hakite, Se-rich tetrahedrite, Se-rich chalcostibite and chalcopyrite were found in association with antimonselite. The second specimen ("B") contains antimonselite, hakite, tiemannite, permingeatite, clausthalite, Se-rich chalcostibite, an unnamed Se-analogue of chalcostibite, dzharkenite and tetrahedrite.
Antimonselite forms in both samples silver needlelike crystals up to 1.5 mm in length and 0.1 mm in thickness, which occur in calcite gangue. They are visually indistinguishable from stibnite (Fig. 1) . The crystals are very brittle, showing a perfect cleavage along {010} and pyramidal termination. Antimonselite is one of the youngest ore mineral phases occurring on both specimens (Fig. 2) .
The oldest selenides in association are irregular grains of clausthalite and tiemannite (up to 20-50 μm in size) which are usually overgrown by younger aggregates of hakite, tetrahedrite and Se-rich chalcopyrite (aggregates up to 300 μm in size). The other determined selenides are already distinctly younger. From the younger selenides occurs idiomorphic crystals of dzharkenite up to 50-100 μm; Se-rich chalcostibite as dark silver, very brittle, imperfectly lenticular crystals covering an area of up to 5 mm 2 ; aggregates of permingeatite and an unnamed Se-analogue of chalcostibite with grains up to 20 μm in size.
Chemical composition

experimental
Quantitative chemical data for the studied samples were obtained by electron microprobe CAMECA SX100 (Laboratory of Electron Microscopy and Microanalysis of Masaryk University and Czech Geological Survey, Brno) in the wavelength-dispersive mode with an accelerating voltage of 25 kV, a specimen current of 10 nA, and a beam diameter of about 1-2 µm. The following standards and X-ray lines were used: Cu (CuK α ), Ag (AgL α ), Au (AuM α ), PbSe (SeL β ), HgTe (HgM α ), FeS 2 (SK α , FeK α ), CdTe (CdL β ), PbS (PbM α ), Sb (SbL β ), pararammelsbergite (AsL β ), ZnS (ZnK α ), Bi 2 Te 3 (TeL β ), Tl(BrI) (TlL α ) and Bi (BiM β ). Peak counting times were 20 s for all elements, and one half of the peak time for each background. Raw intensities were converted to concentrations using automatic PAP (Pouchou and Pichoir 1985) matrix-correction software.
results
The results of the electron-probe microanalyses of antimonselite are given in Tab. 1. Antimonselite of the both types shows rather homogeneous composition, characterized by the sulfur contents of up to 0.559 apfu (Tab. 1). Along with S, only minor contents of Cu up to 0.019 apfu) were found. The empirical formula of the studied antimonselite (mean of 7 point analyses, based on 5 apfu) is (Sb 2.06 Cu 0.01 ) Σ2.07 (Se 2.47 S 0.46 ) ∑2.93 .
Among the other determined minerals, tiemannite (Se + Hg + Cu + Cd + Zn + As + Ag + Tl = 2 apfu) is a S-free phase with minor contents of Cd (up to 0.03 apfu) and Cu (up to 0.05 apfu). Clausthalite (Pb + Se + S + Sb + Tl + Bi = 2 apfu) is close to end-member with only 0.07 apfu S and 0.04 apfu Sb. Hakite (Se + Cu + Sb + Hg + S + Zn + Ag + As + Cd = 29 apfu) is a Hg-rich phase with various contents of S (0.21-4.43 apfu). Tetrahedrite (Se + Cu + Sb + Hg + S + Zn + Ag + As + Cd = 29 apfu) has a variable composition; both Fe-and Zn-rich members were found. Selenium content in tetrahedrite varies from 0.01 to 5.83 apfu. Chalcopyrite (S + Cu + Fe + Se + Te + As + Ag = 4 apfu) is Se-rich (0.18-0.69 apfu). Permingeatite (Cu + Sb + Se + Fe = 8 apfu) is close to the ideal formula, only with 0.28-0.33 apfu S. Se-rich chalcostibite (S + Cu + Sb + Se + Ag + Fe + As + Hg = 4 apfu) has 0.36-0.72 apfu of Se, and As contents up to 0.06 apfu. Unnamed Se-analogue of chalcostibite (S + Cu + Sb + Se + Ag + Fe + As + Hg = apfu) is close to end-member CuSbSe 2 with only 0.09-0.35 apfu S and up to 0.05 apfu As. Dzharkenite (Se + Fe + S + Cu + Ag + Hg = 3 apfu) is close to the ideal formula FeSe 2 with Cu up to 0.02 apfu and S in the range of 0.04-0.11 apfu.
Powder X-ray diffraction
experimental
The X-ray powder diffraction pattern of antimonselite was obtained from hand-picked samples by a Bruker D8 Advance diffractometer (National Museum, Prague) with a solid-state 1D LynxEye detector using CuK α radiation and operating at 40 kV and 40 mA. In order to minimize the background, the powdered sample was placed on the surface of a flat silicon wafer from acetone suspension. Powder pattern was collected in the Bragg-Brentano geometry in the range 5-72° 2θ, step 0.01° and counting time of 30 s per step (total duration of experiment was c. 3 days). Positions and intensities of diffractions were found and refined using the PearsonVII profile-shape function with the ZDS program package (Ondruš 1993) and the unit-cell parameters were refined by the least-squares algorithm implemented by Burnham (1962 (Sejkora et al. 2011a ). The other published antimonselite PXRD data do not show any preferred orientation probably due to predominant granular shape of the studied crystals. The unit-cell parameters were refined from powder diffraction pattern of antimonselite from Příbram as a = 11.7437(6), b = 3.9358(7), c = 11.5846(8) Å, V = 535.4(1) Å 3 . Our data are in good agreement with the published ones (Tab. 3).
Crystal structure
experimental
A long-prismatic blackish single crystal of antimonselite, with the dimensions 0.29 × 0.03 × 0.02 mm, was selected under the optical stereomicroscope for collection of the 3-D intensity data. They were aquired by Oxford Diffraction Gemini single-crystal diffractometer system, equipped with the Atlas CCD area detector, using monochromatized MoK α radiation from sealed tube, λ = 0.71073 Å, and with a fibreoptics Mo-Enhance collimator. The unit cell was refined by a least-squares algorithm of the CrysAlis Pro Package (Agilent Technologies 2012) from 3353 reflections and gave orthorhombic unit cell with a = 11.7156(3), b = 3.9514(11), c = 11.5645(3) Å, V = 535.36(15) Å 3 , and Z = 4. In order to obtain better resolution of overlapping reflections, originating from the split crystals of antimonselite, the detector-to-crystal distance was set up to 120 mm. The ω rotational scans (frame width of 0.8° and 55 s exposure per frame) were used to collect the full-sphere data. In total, 6404 reflections were measured. After merging symmetrically equivalent reflections, 677 unique and 634 observed reflections, with the criterion [I obs > 3σ(I)], were obtained. Data were corrected for background, Lorentz effect and polarization (CrysAlis Pro RED; Agilent Technologies 2012), and a combined correction for absorption was applied (multi-scan and analytical correction, the latter after Clark and Reid 1995), leading to an internal R-factor of the merged dataset equal to 0.0237.
Structure solution and refinement
Crystal structure of antimonselite was solved by the charge-flipping algorithm implemented in the Superflip program (Palatinus and Chapuis 2007) and refined by the full-matrix least-square algorithm of the Jana2006 program (Petříček et al. 2006 ) based on F 2 . The space group Pnma was chosen based on the reflection statistics and this choice was also indicated by the Superflip program output. No cell of the higher symmetry was found using LePage and ADDSYMM (Spek 2003 (Spek , 2009 ). In the previous structure determinations (Min et al. 1998 ), a different space-group setting was used. It was, however, not consistent with the conventional setting of the isotypic stibnite, having Pnma. All the 5 atoms in the asymmetric unit were found by the structure solution. The subsequent refinement including anisotropic displacement parameters of all atoms and refined site-occupancies converged to the final residuals R 1 = 0.0143 for 634 unique observed and wR 2 = 0.0369 for all 677 reflections with a GOF all = 1.20 (Tab. 4). The difference Fourier maps did not reveal any significant residual electron density; the highest positive maximum was 0.53 eÅ -3 , located 1.00 Å from the Sb1 atom. 1 Crystallographic parameters and data collection details are listed in Tab. 4. Final atom coordinates and displacement parameters are given in Tab. 5. The structural formula of the crystal studied by single-crystal X-ray diffraction obtained from the site-scattering refinement is Sb 2 (Se 2.577 S 0.423 ), which is satisfactorily matching the results of the electron-microprobe study. The results of the bondvalence analysis of the structure are listed in Tab. 6, along with the interatomic distances.
Discussion
Antimonselite, stibnite and their intermediate members are known from several gold and uranium deposits in China. Based on average electron-microprobe analyses of Sb 2 Se 3 -Sb 2 S 3 from the Laerma and Qiongmo localities (China), the formulae of Se-bearing stibnite, selenium stibnite, sulfur antimonselite and S-bearing antimonselite can be written as Sb 2.03 (S 2.67 Se 0.33 ) 3.00 , Sb 2.00 (S 2.06 Se 0.94 ) 3.00 , Sb 1.98 (Se 1.71 S 1.31 ) 3.00 and Sb 1.86 (Se 2.64 S 0.36 ) 3.00 , respectively ). According to this nomenclature, it is possible to classify antimonselite from Příbram as S-bearing antimonselite. Differences between analyses of antimonselite from Příbram and other analyses of stibnite-antimonselite series, both synthetic and natural (Fig. 3) , are caused by lower than ideal ratio of sum of anions versus sum of cations.
The overall rarity of antimonselite is probably related to specific mode of origin of this mineral phase. The well documented minerals of the stibnite-antimonselite series from the stratabound gold deposits Laerma and Qiongmo 1 The residual density, which is also responsible for the higher goodness of fit (GOF) may be connected with absorption correction, unresolved twinning features (the small number of overlapping reflections) or bonding effects. 2.5713(6) The bond-strength parameters used in calculations for Sb-Se pair after Brown (2013, pers. comm.) were supposed to have crystallized at 150-210 °C . The U mineralization in Příbram is characterized by temperatures between 200 and 80 °C, but the deposition of uranium minerals, which are in direct association with younger selenides mineralization, preceded at temperatures between 130-80 °C (Žák and Dobeš 1991). The extensive group of selenides of many elements like Pb, Sb, Ag, Hg, Cu and Tl found in many types of gangue material of the Příbram uranium and base-metal deposit indicates variable conditions of origin. This is supported by the joint occurrence of selenide-sulfide pairs at the uraninite stage (e.g. hakitetetrahedrite, chalcopyrite-eskebornite, tiemannite-cinnabar, antimonselite-stibnite and others), which were also described on the original Chinese localities. The most interesting Se minerals in studied Příbram specimens, including antimonselite, were found in the youngest parts of the uranium-carbonate stage. These parts were formed by hydrothermal alteration of the older gangue filling, accompanied by the origin of younger uraninite, antimonselite and other sulfides and selenides. The observed association in the specimen "B": tiemannitehakite-tetrahedrite-antimonselite, shows the decreasing activity of Se in hydrothermal solutions accompanied by the crystallization of Hg or Cu-Hg selenides and terminated by the crystallization of Se-poor tetrahedrite. The presence of the youngest antimonselite in this association is a clear evidence for infiltration of rejuvenated solutions with high selenium activity. ) and synthetic stibnite-antimonselite series .
